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Abstract
Background: Group B Streptococcus (GBS) colonization in the genital tract of pregnant women
is a known contributory factor for infection in the neonate, having an impact on morbidity and
mortality especially if unrecognized and untreated prior to vaginal delivery. An understanding on
how certain lifestyle factors contribute to the development of GBS colonization during pregnancy
will assist in aiding a modification of behavior to promote prevention and improve general health.

Aim: The aim of this study was to investigate the effect of various lifestyle factors in isolation or
combination on GBS colonization during pregnancy.

Methods: A cross-sectional survey research design was conducted in a tertiary metropolitan
hospital in Perth, Western Australia. Participants were a subset recruited from those enrolled in
the Probiotics in Pregnancy (PIP) trial. Recruitment occurred between 16-25 weeksgestation and
prior to interventions taking place for the PIP trial. Lifestyle questionnaires and medical data were
collected to investigate an association of lifestyle factors for GBS colonization. Univariate and
multivariate analyses were performed to identify risk factors amongst the variables explored.

Results: A total of 199 multiethnic pregnant women between 16-25 weeks gestation were enrolled
with an overall GBS colonization rate of 20% in this cohort. Using univariate analysis, significant
association with increased GBS colonization was noted with obesity (p=0.026) and lack of
exercise (p.=0.027).

Intake of yoghurt during pregnancy was inversely related to GBS

colonization (p=0.051). On multivariate analysis, moderate to high sugary drink intake(p.=0.029,
OR 6.25, CI 0.03-0.91), and the presence of vaginal discharge (p.=0.01,OR 5.12, CI 1.36-19.24)
continued to be significant.

Conclusion: Our study found significant association between certain lifestyle factors and
GBS colonization in pregnancy. Further studies with larger sample size and interventional
designs are warranted to explore further links and mechanisms behind identified lifestyle risk
factors and GBS colonization.
Keywords: Lifestyle, Group B Streptococcus (GBS), pregnancy, neonatal
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Chapter 1 Introduction
Impact of Lifestyle factors on Group B Streptococcus during pregnancy
It is crucial to gain a better understanding of Group B Streptococcus (GBS) colonization
in pregnant women and how lifestyle factors may contribute to an increased colonization during
pregnancy. Currently there is a substantial gap in knowledge around the understanding of why
some women are colonized with GBS while others are not. In addition, knowledge around how
certain lifestyle factors can potentially increase colonization in pregnant women is also lacking.
Streptococcus agalactiae is a bacterium commonly known as group B streptococcus
(GBS). Group B Streptococcus is a naturally occurring bacterium in the vaginal and bowel
(rectum) flora of a healthy non pregnant woman. It is rarely harmful, however, recto vaginal
colonization with GBS during pregnancy poses a significant problem. Group B streptococcus
colonization is a significant health issue for pregnant women and their newborn infants. It is a
serious bacterial pathogen which has the potential to infect neonates with sometimes devastating
consequences (Sheehy, Davis, & Homer, 2013). Most often infection in neonates is manifested
as sepsis, pneumonia and meningitis (Kwatra et al., 2016).
These gram-positive bacteria have been reported, since the 1970’s, as a major cause of
perinatal morbidity and mortality due to overwhelming sepsis in the early neonatal period
(American College of Obstetricians & Gynecologists Committee opinion 2011; Royal Australian
& New Zealand College Obstetricians & Gynecologists College Statement, 2012).
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1.1 Significance

This study has identified new knowledge and understanding of how certain lifestyle factors
have an impact on GBS colonization during pregnancy.
Knowledge generated from this study has identified factors associated with increased GBS
colonization, therefore increasing the ability to provide prenatal and antenatal education to
expectant mothers to reduce the overall incidence of colonization during pregnancy. Consequently,
reducing vertical transmission of the organism to neonates.

Empowering expectant mothers to gain an understanding of behaviors and actions that
contribute to an increase GBS colonization will help them make informed choices about lifestyle
modification during pregnancy. This is an attractive option, as it has the potential to reduce the
need of intra partum antibiotic prophylaxis, reducing concerns about adverse consequences such
as anaphylactic reaction and antimicrobial resistance.

In summary, Group B Streptococcus is one of the leading causes of neonatal morbidity and
mortality worldwide. Prevention of colonization through lifestyle modification may possibly
prevent GBS disease and potentially help reduce morbidity and mortality and therefore the burden
on the public health system.

1.2 Aims

A gap in knowledge highlighted the importance of further research to explore the impact
of lifestyle factors and the association to GBS colonization in pregnant women. Identification of
ways to prevent GBS colonization during pregnancy is required as very little known about the
biologic mechanism of acquisition and colonization (Foxman et al., 2008).
Gathering knowledge surrounding significant associations with lifestyle factors such as
sociodemographic factors (e.g. education, housing, and ethnicity), hygiene practices, sexual
practices and dietary habits, of pregnant women, or in some cases a combination of factors, that
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ultimately contributes to increased risk of GBS colonization, is a valuable factor in the
management of these women.
Colonization of the genitourinary tract by GBS in pregnancy is common and remains to be
an important cause of perinatal morbidity and mortality (Petersen et al., 2014). While significant
improvement has been noted in the detection and treatment of GBS disease in pregnant women
and neonates related to colonization, the burden of this pathogen in the health system at a global
level is unacceptable (Baker, 2013). Further improvement in the identification of acquisition and
biologic mechanism on how women are colonized is required for future prevention strategies. An
understanding of any correlation between lifestyle factors and GBS colonization during pregnancy
will be beneficial in understanding the epidemiology device targeted interventions in future.

1.3 Research Questions
What lifestyle factors are associated with GBS colonization during pregnancy?

This is the main question this study this study attempted to answer. GBS colonization will
be determined by a proportion of women diagnosed to be ‘GBS positive’ based on rectovaginal
swab laboratory cultures. For this purpose, we have subdivided lifestyle factors into various
categories. Lifestyle factors included were housing, diet, sexual practices and hygiene/cleansing
practices. There are various subsets of questions embedded in the main research question.
a. Do sociodemographic factors such as type of dwelling, number of residents per household,
permanent or transient housing affects GBS colonization?
b. Do certain hygiene practices, such as vaginal douching, affect GBS colonization during
pregnancy?
c. Do maternal sexual practices during pregnancy increase the risk of colonization?
d. Do dietary practices of expectant mothers have any potential effect in GBS colonization?
e. Does exercise affect GBS colonization during pregnancy?
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Chapter 2 Literature Review

Foreword

Group B Streptococcus is known as one of the leading causes of neonatal sepsis and
meningitis globally.

It is also considered to be a significant disease in pregnant women

(Kobayashai et al., 2016) and an important and potentially preventable cause of global maternal
mortality (Hall et al., 2017). Chapter 2 explored the emergence of this bacteria and how, after its
discovery in the late 1800’s, it continues to be a significant burden in the health industry today.
A review of the literature was conducted to understand the spectrum of GBS colonization
during pregnancy. An exploration on the significance of the disease as a global problem and
identification of important changes around management during pregnancy over the last few
decades was included.
This review highlighted the historical context of GBS, epidemiological features and
important risk factors contributing to colonization in pregnant women. In addition, the effects it
has on the neonatal population related to morbidity and mortality. The search for significant
literature also identified a gap in the research relating to the impact of lifestyle factors that
potentially increases GBS colonization in pregnancy. Since limited data was available on lifestyle
factors during pregnancy, non-pregnant women were also included in the review. A search of
electronic data bases, PubMed, Google Scholar, Cochrane review, Pro Quest Health, Science
Direct and Wiley Interscience from years 1970-2019 was undertaken.
Key words and terms used were GBS*, Group B Streptococcus* GBS risk* Streptococcus
Agalactiae* GBS in pregnancy* Lifestyle factors affecting GBS risk, diet, microbiome and
probiotics. Expanding the search to include non-pregnant women and the associated reasons that
pertaining to lifestyle thought to contribute to an increased risk of GBS colonization and infection
during pregnancy, enabled an in depth understanding of the significance of the disease in the
neonatal population.
Additional terms of Early Onset Neonatal GBS (EONGD) and Late Onset Neonatal GBS
(LONGD) were also used. The inclusion criteria for this review consisted of information relating
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to GBS colonization and risk in pregnancy throughout the globe and the effects of IAP on maternal
and infant gut microbiome. In addition, the search included literature pertaining to lifestyle factors
in women and during pregnancy and its effects on GBS colonization in the neonatal period.
Studies were excluded if they pertained to animal models or in vitro experiments.
Subscription to electronic auto alerts were instigated thought the study to allow for updates on
literature on this topic. Literature citations were also reviewed to identify recent emerging data.
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2.1 History of Group B Streptococcus (GBS)

Streptococcus agalactiae commonly known as GBS is a Gram-positive encapsulated
bacterium. It possesses an array of immune resistance phenotypes and secreted toxins that render
it capable of producing serious disease in a susceptible host (Doran & Nizet, 2004). A mostly
opportunistic pathogen that normally resides in the vaginal and bowel flora of a healthy adult, the
natural reservoir is the gastrointestinal tract which likely is the usual source of colonization (Baker
& Edwards, 1995). The serologic identification of human isolates of GBS was made possible by
Rebecca Lancefield’s (1934) research as a common cell wall carbohydrate antigen. Lancefield
thereafter characterized these organisms into capsular polysaccharide types and also co-authored
the first reported GBS vaginal colonization in pregnant women in 1935 (Baker, 2013).

The important work of Rebecca Lancefield paved the way to the serologic identification of
human isolates of GBS. Unfortunately, it took several decades before real attention was devoted
to the understanding of the global burden of the disease, causing serious illness to the neonate.
Group B Streptococcus has been reported as a major cause of perinatal morbidity and mortality
since the 1970’s due to overwhelming sepsis in the early neonatal period (American College of
Obstetricians & Gynecologists Committee opinion 2011; Royal Australian & New Zealand
College Obstetricians & Gynecologists College Statement, 2012).

There was a significant gap in the literature related to GBS colonization in pregnant women
for three to four decades between 1930 to 1960. In the 1970’s, cases of septicemia; pneumonia
and meningitis were reported in three separate neonates of less than three months of age in the
United States. These reports encouraged the medical community to further explore the impact of
the disease. The Annual Review of Medicine reported on GBS as the leading cause of neonatal
sepsis and meningitis in the United States with a neonatal mortality as high as 55 % (Anthony &
Okada, 1977).
After an increase of published reports from these cases, the organism was recognized as a
predominant cause of invasive disease in neonates and young infants and identified as a result of
intrapartum infections (Baker, 2013).
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The following decade (1980) saw the emergence of studies undertaken to explore and
identify interventions that could reduce the Early Onset Group B Streptococcus (EOGBS) disease
in the neonatal period (Easmon, et al., 1983). Benitz, Gould & Druzin (1999) described the
bacteria as being susceptible to the antibiotics Ampicillin and Penicillin, noting efficacy in treating
the bacteria to prevent EOGBS. During this period guidelines to administer intrapartum antibiotics
(IAP) to women who were considered to be at risk for GBS colonization were developed (CDC,
2010). However, even after the implementation of IAP, the effect on neonatal mortality was not
significantly reduced and remained to be at 10-15% (Yagupsky, Menegus, & Powell, 1991).

Awareness about the impact of this pathogen as a public health problem at a global level
was heightened during the 9th decade of the 1900’s and consequently highlighted how neonatal
fatalities could be prevented. In addition, Jeffery (1996) reported that GBS colonization in
pregnancy was becoming a burden and emerging as a potential public health crisis if not addressed.

Previous to the reports of the efficacy of intrapartum antibiotics in treating the disease in
the 1990’s, it was then that that the American College of Obstetricians and Gynecologist (ACOG)
Committee in collaboration with the Center for disease Control (CDC) created recommendations
and guidelines for intrapartum antibiotic prophylaxis to prevent the transmission of GBS from
mother to fetus.

Although the Centers for Disease Control and Prevention (CDC) (2010), in United States
of America (USA) reported substantial progress in prevention of perinatal group B streptococcal
(GBS) disease after the 1990s, GBS remained the leading cause of early-onset neonatal sepsis in
the USA and Australia.
Several decades onward, these bacteria continue to remain a significant health issue for
pregnant women and their newborn infants. Recent literature from the years 2000-2015 also
explains the impact of GBS colonization as the major cause of neonatal sepsis and meningitis in
many countries and is also the leading neonatal pathogen globally (Le Doare & Heath, 2013; Sinha
et al., 2016).
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The true impact of the burden of this disease according to Baker (2013) remains unknown
in a world where millions of births happen in the community setting and where neonatal death
without a medical cause is a common occurrence.
Preventing the disease was highlighted as an important factor to reduce mortality and
morbidity and associated burden on health care. This was further emphasized in a clinical audit
conducted in 2000 by McLaughlin and Crowther on Obstetricians and Neonatologist across
Australia which reported that the majority of Obstetricians (56%) and neonatologists (61%)
supported universal antenatal screening. In addition, this study also noted that there remained a
lack of certainty in the literature regarding the approach to management and prevention of the
disease.
In Australia, ‘universal screening’ is the supported method for GBS detection in pregnant
women (Angstetra, Ferguson & Giles., 2007), however it should be noted that guidelines and
practices vary across the country. This practice consists of women being screened; by taking swabs
from their rectum and vagina at 35-37 weeks of gestation for GBS culture and therefore identifying
colonization and potential for harm. This screening identifies women with GBS colonization and
provides a targeted management plan to provide prophylactic antibiotics during labor to prevent
transmission to the neonate during delivery (Royal Australian and New Zealand College of
Obstetricians and Gynecologists, 2012).
This search has identified vast literature highlighting the impact of GBS on maternal and
neonatal health and associated controversies surrounding the screening and treatment with
antibiotics in labor, however there is a scarcity of work attempting to identify the cause and
associated risk factors for GBS colonization in women.
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2.2 Pathogenesis of Group B Streptococcus

The pathogenesis of infection begins with the asymptomatic colonization of the female
genital tract (Doran & Nizet, 2004). Group B Streptococcus adheres to a variety of human cells,
notably the vaginal epithelium, placental membranes, respiratory tract epithelium and blood brain
epithelium (Tamura et al., 1994). It is rarely harmful; however according to Pylipow (1994) one
in three women are unknowing carriers of GBS.
It is approximated that 10 to 30 % of pregnant women are colonized with GBS in their
gastrointestinal and genital tracts (Schuchat, 2001). Asymptomatic GBS colonization during
pregnancy increases the risk for stillbirths and premature delivery (Melin, 2011; Schrag et al.,
2000).
The most common maternal manifestation is urinary tract infection (UTI), bacteremia,
chorioamnionitis and endometriosis (Sass, 2012). Similarly, clinical indication can be manifested
in the form of wound infection after caesarian delivery or episiotomy, fever and occasionally
meningitis and septic thrombophlebitis (Schrag et al., 2000). The disease is not restricted to
pregnant women and neonates, it has also been noted to affect non pregnant adults particularly
older adults and immunocompromised patients (Tami . Skoff, Schaffner, Zansky, & Schrag, 2009).
However, colonization with GBS remains a significant disease in pregnant women globally (Le
Doare & Heath, 2013).
The progression in which humans are infected by the organism can be considered as
complex and multifactorial. The host factors heavily in determining the pathogenicity of the
disease.
Pregnant women who are unknowingly colonized with the bacteria along their vaginal tract
provide a host environment for the organism. The bacteria’s ability to adhere to epithelial cells
and resist mucosal immune defense provides the mode for the first stage of pathogenesis to occur.
Second stage of pathogenesis can occur vertically through the amniotic fluid, bacterial
proliferation allows GBS to colonize the skin or mucous membranes of the fetus or enter the lungs
through aspiration of infected amniotic fluid. This pathway allows the organism to be transmitted
to the newborn where there is epithelial barrier inadequacy. Most importantly the acquisition of
GBS is associated with the deficiencies in immune clearance, contributing to the unique
susceptibility of newborns to the invasive disease (Nizet, Ferrieri & Rubens, 2000).
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2.3 Transmission of Group B Streptococcus to the newborn

The presence of GBS in the maternal genital tract at birth is the significant determinant of
colonization and infection. During delivery, the passage of a baby in the vaginal canal may
possibly result in contracting GBS and potentially cause serious illness to the infant (Royal
Australian & New Zealand College Obstetricians & Gynecologists College Statement, 2012).
Pregnant women who are colonized with GBS are thought to transfer the bacteria to their
neonate through the process of vertical transmission, either antenatally or intrapartum. In the
antenatal period, bacteria ascend from the vagina into the amniotic fluid. This has been attributed
to causing miscarriage, stillbirth or preterm labor. Most commonly, infection is transferred during
the birth process by the infant inhaling or swallowing amniotic fluid with subsequent bacteremia
(Clifford, Garland, & Grimwood, 2012).
While GBS disease is not restricted to newborns, the most vulnerable population in terms
of severity and incidence is in the neonatal period up to the first 90 days of life (Le Doare & Heath,
2013). Group B Streptococcus is responsible for two distinct clinical syndromes in the neonatal
period categorized as either Early Onset Neonatal GBS disease (EONGD) or Late Onset Neonatal
GBS disease (LONGD) (Clifford et al., 2012).
Early onset GBS occurs at less than seven days of life and usually presents within the first
24 hours of life with either sepsis or pneumonia with rapid clinical deterioration (Isaacs et al.,
1995).
Risk factors for EONGD include maternal colonization, previous infant with GBS disease,
maternal fever, prolonged rupture of membranes, preterm delivery and low maternal levels of anticapsular polysaccharide antibody to the colonizing GBS serotype (Oddie & Embleton, 2002).
Premature infants born before 37 weeks of gestation are at three-fold to thirty-fold greater risk of
developing EONGD, the lower the gestational age the higher the risk (Schuchat 2001).
Late-onset neonatal GBS disease occurs between 7 days to 90 days of life and has an
estimated 7% fatality rate worldwide (Madrid et al., 2017). In LONGD, the presentation is
bacteremia and most develop meningitis (Schrag et al., 2000). The other contrasting factor for
LONGD, unlike EOGBS that occurs via vertical transmission from mother to infant, horizontal
transmission may occur from hospital or community sources (Anthony & Okada, 1977). Unlike
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EOGBS late-onset GBS may be acquired from breastmilk or from nosocomial community sources
(Nucittelli, Rinaudo & Maione, 2015).
Late-onset neonatal infection etiology is uncertain although it has also been associated with
maternal colonization, 50 % of infants who developed late-onset disease had mothers colonized
with the same serotype at the time of birth (Baker, 2000).

2.4 Epidemiology

It is imperative to understand the epidemiology of GBS and its risk factors to fully grasp
the burden of GBS disease globally. One million neonates die each year in developing countries
due to neonatal sepsis (Cools et al., 2016). While the epidemiology in westernized and developed
countries on GBS colonization is well studied it has remained to be poorly understood in several
countries. In a study conducted in Seoul, Korea, the incidence of GBS colonization amongst 2,624
pregnant was 8% and in this country, screening is not considered a standard of care.
The incidence of clinically diagnosed neonatal sepsis is 30.4/1000 live births, which is
significantly higher than the 1.8/1000 live birth reported for the USA (Kim et al., 2009). According
to Chen et al (2018), the burden of perinatal GBS colonization and related infections in China have
not been well reported, screening and IAP protocol did not exist at the time the study was
conducted in 2017. The GBS colonization rate in mothers and infants was 6.1 % and vertical
transmission rate was 7.6 % and EOGBS rate was 0.58 per 1000 live births.
In a multicenter prospective study done in Taiwan from 2002-2005, maternal colonization
rate of GBS was 20% and occurrence of neonatal GBS was 1 per 1000 live births. The authors
discussed that the low incident reportage could be due to the inconsistent rectovaginal screening
done on pregnant women, as most pediatricians and obstetricians believe that GBS is not prevalent
in Taiwan (Yu et al., 2011).
The epidemiology of GBS in South America also varies significantly by geographical
region from as low as 6% in Peru to 17%-25 % in Brazil (Rick et al., 2017).
Based on the literature search, it appears that the burden of GBS colonization and its effect on
EONGD in developing countries is not well documented.
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A knowledge gap exists in literature around GBS colonization of pregnant women (Turner
et al., 2012). While several studies have been reported on the importance of GBS disease in
pregnancy, there are only a few epidemiological studies that examined general risk factors
associated with colonization in pregnant women. Previous studies found associations between
colonization and age, parity, race, tobacco use, education and diabetes (Regan et al., 1991).

2.5 Incidence rate of Group B Streptococcus

The incidence rate and risk factors on GBS colonization may vary in different communities
and in different countries (Tsolia et al., 2003). Asymptomatic rectovaginal colonization rates
among pregnant women vary widely in different parts of the world and the estimates fall between
5 and 30 % (Raabe & Shane, 2019). In the USA it was recently reported that the incident rate of
GBS colonization ranges from 10%-30 % (CDC, 2017).
After the implementation of universal screening and intrapartum antibiotics prophylaxis
(IAP) in the industrialized countries, the incident rate has dramatically decreased. In the USA, the
incidence of early onset disease is 1.8 per 1000 live births, whereas LONGD rate of 0.4 per 1000
live birth.
The incidence in the United Kingdom (UK) is reported as 0.3 per 1000 live births and in
Australia and New Zealand the EONGD declined from an estimated 1.43 per 1000 live births to
0.25 per 1000 live births in 2001(Le Doare & Heath, 2013; Clifford et al., 2012).
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2.6 Screening and Prevention of GBS

2.6.1 Screening

In 1996 a consensus was reached for prevention guidelines from the CDC with two
prominent professional organizations in the USA: The American College of Obstetricians and
Gynecologist (ACOG) and the American Academy of Pediatrics (APA). The consensus on the
prevention guideline was twofold; a screening-based strategy and a risk-based strategy (ACOG
committee opinion 1996; APA Revised guidelines for prevention of early-onset GBS infection,
1997).
The screening-based strategy “universal approach” involves rectovaginal swab screening
of pregnant woman between 35 and 37 weeks of gestation. For pregnant women whose cultures
are positive for GBS colonization, IAP during labor is recommended. The risk-based strategy
“risk-based approach” for GBS colonization during pregnancy includes screening pregnant women
with the following criteria; delivery less than 37 weeks’ gestation; intrapartum temperature of
>38.0 Celsius or rupture of membranes for greater than18 hours (CDC, 2002).
From the CDC recommendations, the USA adopted the universal screening approach and
the risk- based approach was adopted by the United Kingdom. In Australia, the recommendation
for EOGBS prevention varies from state to state. The RANZCOG released a College Statement
offering both options ‘universal approach’ or ‘risk-based’ approach (Homer, Scarf, Catling &
Davis, 2013).
The only official statement from the Australian Government Department of Health released
from their website and is approved by the NHMRC in June 2014 states that: “Offer either routine
antenatal testing for Group B streptococcus colonization or a risk factor-based approach to
prevention, depending on organizational policy.”
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Table 1 GBS Prevention Guidelines for Australia
Below is a table of guideline from Australian States and Territories:
No

State or
territory

Year
Entity
updated

Title

Policy directive:
Neonatal minimization
of early onset group B
streptococcal (EOGBS)
1
NSW
2005
NSW Health infection43
Prevention of Early
Onset Group B
The 3Centres Streptococcus
2
Victoria
2010
Collaboration Disease27
Normal pregnancy,
South
labour and puerperium
3 Australia
2012
SA Health
management28
Early onset Group B
4 Queensland
2010
Qld Health
streptococcal disease29
Women and
Newborn
Health
Service, King
Edward
Group B Streptococcal
Western
Memorial
Disease: Clinical
5 Australia
2010
Hospital
Guideline30
ACT Health
Australian
Maternity
Capital
Shared Care Maternity Shared Care
6 Territory
2010
Guidelines
Guidelines31
No specific guideline
7 Tasmania
found
No specific guideline
8 Northern Territory
found
Note. Table reproduced from Homer et al., 2014

Approach recommended

Either approach acceptable

Does not state which
approach should be used.
Does not state which
approach should be used.
Risk-based approach

Screening approach

Screening approach
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2.6.2 Prevention
The implementation of national guidelines for screening and treatment with intrapartum
antibiotic prophylaxis (IAP) from the 1990’s resulted in approximately 80% reduction of
EOGBSD. Despite substantial progress in prevention of perinatal GBS disease since the 1990s, it
remains the leading cause of early-onset neonatal sepsis in the United States and Australia (CDC,
2010).
In 2010, the CDC along with several professional groups issued its third set of prevention
and guidelines for the prevention of perinatal disease (ACOG 2011, Committee Opinion). In the
same year ACOG in the USA emphasized that universal screening at 35-37 weeks of gestation and
IAP will continue to be the basis of prevention strategy.
Additional recommendations were added as important changes to improve clinical
practices.

The four changes included: algorithms for screening and IAP for women who

experience preterm labor or Premature rupture of membranes (PROM).
Secondly, recommendations on who should receive GBS prophylaxis. Thirdly,
determining the proper time to administer IAP. The final change included new recommended
dosage for penicillin G for prophylaxis and updated regimes for prevention on women who are
allergic to penicillin. (American College of Obstetrician and Gynecologist, opinion. 2011).
Below is a table of indications and non-indications for IAP from the CDC to prevent
EOGBSD.
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Table 2 Indications for Intrapartum Antibiotic Prophylaxis
Indications and nonindications for intrapartum antibiotic prophylaxis to prevent early-onset group B streptococcal
Intrapartum GBS prophylaxis indicated

Intrapartum GBS prophylaxis not indicated

Previous infant with invasive GBS disease

Colonization with GBS during a previous pregnancy (unless an
indication for GBS prophylaxis is present for current pregnancy)

GBS bacteriuria during any trimester of the
current pregnancy*

GBS bacteriuria during previous pregnancy (unless an indication for
GBS prophylaxis is present for current pregnancy)

Positive GBS vaginal-rectal screening culture in
late gestation† during current pregnancy*

Negative vaginal and rectal GBS screening culture in late
gestation† during the current pregnancy, regardless of intrapartum
risk factors

Unknown GBS status at the onset of labour
(culture not done, incomplete, or results unknown)
and any of the following:

-- Delivery at <37 weeks' gestation§

-- Amniotic membrane rupture ≥18 hours

• Caesarean delivery performed before onset of labor on a woman
with intact amniotic membranes, regardless of GBS colonization
status or gestational age

-- Intrapartum temperature ≥100.4°F (≥38.0°C)¶

-- Intrapartum NAAT** positive for GBS
Abbreviation: NAAT = Nucleic acid amplification
tests
* Intrapartum antibiotic prophylaxis is not indicated in this circumstance if a caesarean delivery is performed before onset
of labor on a woman with intact amniotic membranes.
† Optimal timing for prenatal GBS screening is at 35--37 weeks' gestation.
§ Recommendations for the use of intrapartum antibiotics for prevention of early-onset GBS disease in the setting of
threatened preterm delivery are presented in Figures 5 and 6.
¶ If amnionitis is suspected, broad-spectrum antibiotic therapy that includes an agent known to be active against GBS
should replace GBS prophylaxis.

Note. Table adapted from Center for Disease Control (2010), p.14.
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Ledger and Blaiser (2013) reported that an estimated >40% of women in the USA received
antibiotics in labor to prevent EOGBS or to prevent postpartum infections on caesarean deliveries.
That number may have increased in the current time this study is being completed.
The extensive use of IAP may have resulted in the decrease of EOGBS during the early
2000’s but to date, there has been no significant change in the decrease of LOGBS. This has also
raised concerns regarding the potential antimicrobial resistance and long-term effects on infants
exposed in utero or early age of infancy.
Aloiso et al., (2014) confirmed that IAP against GBS has a significant influence on the
early bifidobacterial pattern of newborns, both quantitatively and qualitatively. In 2008 Bizarro
et al., reported an increase in infections due to Escherichia coli on pre-term infants after the
widespread use of IAP in the USA. In the same year Van Dyke et al., (2009) conducted a
retrospective study from 10 States in the USA to evaluate the implementation of the IAP guidelines
and although the guidelines were readily implemented, a large portion of cases of term infants with
GBS disease occurred in the infants of women who tested negative for GBS, thereby raising
questions and concern about the reliability of screening procedures or false negative cases. In this
report it was also noted that the higher incidence of EOGBS disease among African American
infants as compared to the non-African American infants remained unresolved.
Other challenges that IAP presents, include reported cases of maternal anaphylactic
reaction to IAP, although rare, have been documented primarily as an allergic reaction to penicillin
(McCall et al., 2018; Mulla, Ebrahim & Gonzalez, 2010).
In addition to IAP use as a preventative measure for reducing GBS colonization and
potential spread to the newborn, there have been initiatives to develop maternal vaccines. Several
studies have suggested that vaccines could be a solution to the problem of colonization in women.
This would facilitate the reduction in the number of women colonized to end the burden of GBS
disease. While vaccines for use against disease are valuable, they come at a cost and in early stages
are only available to a few thus the impact is not as effective. Research in this field is evolving
and poses numerous challenges before being available for use in humans. (Braye et al., 2018;
Dermer et al., 2004; Le Doare et al., 2017).
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Another disadvantaged to the use of IAP is the potential to disrupt the early growth of good
bacteria in the developing neonatal gut microbiome (Stearns et al., 2017; Nogacka et al., 2017).
As GBS can be passed on in utero or childbirth to the neonate, maternal microbes may also be
transmitted to offspring at the same time (Walker et al., 2019).
Due to the known effects and potential side effects, not all women will consent to the
administration of IAP or even vaccines if they are developed. The emergence of social media over
the years has also influenced the use of alternative therapies which are thought to have similar
effects to antibiotic therapy. Women who have posted on social media websites resorted to selfhelp remedies to prevent GBS colonization during pregnancy. Although there is no evidence,
remedies such as garlic as vaginal suppository or for oral ingestion are being recommended by
some to prevent/treat GBS colonization (Cohain, 2004).
Other remedies mentioned included taking apple cider vinegar orally or as a vaginal rinse;
eating fermented foods such as kimchi and yoghurt with probiotics and the intake of daily probiotic
supplementation. However, these approaches have not really been investigated by the scientific
community. Only the use of probiotics to prevent GBS colonization and promote improvement of
maternal health has been investigated in recent studies and is more focused and proven (Lindsay
et al., 2013; Barthow et al., 2016; Martin et al., 2019).
In this context of IAP challenges and unavailable vaccine, it is timely for this research to
determine whether certain lifestyle factors can have an impact on GBS colonization.
The following section will discuss which lifestyle factors have been known to be associated
with GBS colonization in pregnancy.
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2.7 Lifestyle factors associated with GBS colonization
Definition of Lifestyle factors
The simple definition of lifestyle from Merriam Webster dictionary is:
“a particular way of living: the way a person lives or a group of people live”

For the purpose of this literature review; lifestyle was explored into categories of:
sociodemographic, sexual practices, vaginal hygiene practices, dietary practices and other existing
co morbidities that have been reported to be independent risk factors for vaginal GBS colonization.
The sociodemographic category included the type of dwelling, number per household,
educational level and marital status.

The sexual practices category will include estimated

frequency of sexual activity, the number of new partners within the pregnancy, preferred types of
sexual activity, circumcision status of the partner, and use of contraception.
Vaginal hygiene practices related to washing inside the vagina when bathing, use of
cleaning products to clean and the use of douche.
Dietary factors included consumption of certain food groups such as raw fish, garlic,
yoghurt and other fermented food, cheese and raw vegetables’ (all of which may be associated
with increased GBS colonization) and the use of dietary supplements such as probiotics.
Existing co-morbidities included reported vaginal discharge, reported sexually transmitted
disease, and the reported use of antibiotics during pregnancy. Other lifestyle factors included
healthy living choices such as amount of activities performed in a usual day, planned exercise
activities.
A more detailed categorical grouping of the lifestyle factors is displayed in the
questionnaire attached (Appendix B).
A longitudinal cohort study by Meyn, Moore and Hillier et al. (2002) reported on evidence
that GBS colonization may be related to sexual activity and women who had both frequent sexual
intercourse and multiple sex partners have a higher risk of colonization.
A population-based study conducted by Stapleton et al. (2005) hypothesized that health
care workers may have increased risk for colonization, however, the results demonstrated a modest
association between GBS colonization and health care workers with a high frequency of direct
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patient contact. This association was not found among female health care workers with minimal
direct contact. The authors suggested that direct exposure may be a mode of inoculation.
In a surprise finding by Foxman et al. (2008) it was determined that although GBS
colonization is not a sexually transmitted disease, it has been reported that transmission between
sex partners from an infected man to a susceptible woman has occurred. The mechanism of
transmission via sexual contact of oral-genitalia or penile vagina is uncertain.
Additional risk factors for GBS colonization included race/ethnicity, unmarried status,
increasing pre-pregnancy Body Mass Index (BMI), and diagnosis of vaginal infection during
pregnancy. Strong association can also be linked to lower socioeconomic status and black race in
an exploratory retrospective study conducted in Milwaukee, USA (Kram, Baumgardner & Vander,
2016). The authors of this study also revealed a strong association of increased BMI and maternal
colonization.
A recent study linking maternal obesity as a significant risk factor for GBS colonization
(Kleweis, Cahill & Odibo, 2015) has motivated further consideration on the underlying lifestyle
factors contributing to their obesity in relation to dietary habits and exercise. Other risk factors
that are known to be associated with lifestyle include dietary practices such as raw fish
consumption (Foxman et al., 2008). Group B Streptococcus was originally isolated as a pathogen
of both wild and captive fish and also a common bowel inhabitant, which can lead to fecal-oral
transmission (Foxman et al., 2008).
In the multi-country cross sectional study conducted by Cools et al. (2016), it was
suggested that reduction of GBS vaginal colonization rates might be accomplished by behavioral
changes in certain lifestyle practices during pregnancy. Lifestyle in this study was explored in
terms of sociodemographic, sexual behavior, hygiene practices, existing co-morbidities and
systemic use of antibiotics. The author in this study has advocated abstinence from sexual
intercourse and avoidance of vaginal douching during late pregnancy.
Throughout the review, it has become evident that a gap in knowledge exists around the
impact of lifestyle factors and their contribution to GBS rectovaginal colonization rates of pregnant
women. The majority of literature is from the United States or developing countries.
The literature search conducted spanned the years 1970-2018 and did not identify
Australian studies specifically attempting to identify various lifestyle factors that can impact on
GBS colonization during pregnancy. Hence, the motivation to design a study that aimed to explore
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the effect of various lifestyle factors on the dynamics of GBS colonization during pregnancy was
highlighted.

2.8 Conclusion

In summary, this literature review has revealed a plethora of evidence that discusses the
significance of GBS colonization in pregnancy and the potential devastating effect it has on the
susceptible newborn. In addition, it demonstrated the devastating effects of GBS and the burden
of this disease in our society. Despite advancement in screening and prevention through the use
of IAP, numerous challenges were identified and remain a significant issue in the battle with this
disease. Westernized countries were the source of reports associated with GBS disease in pregnant
women and the neonatal population, however a significant gap is noted for reporting the disease
in developing countries.
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Chapter 3 Materials and Methods
Foreword
This study was completed as a component of the Probiotics in Pregnancy (PIP) trial which
commenced at Fiona Stanley Hospital (FSH) in Murdoch Western Australia. Patients who were
pregnant and booked to deliver at FSH and had been recruited and consented to be enrolled in the
PIP study were also asked to participate in a separate research investigation reviewing lifestyle
factors and the association of GBS colonization.
Chapter 3 presents the research question it aims to address; the methodology used to collect
and analyze data and associated ethical considerations. This chapter outlined the steps utilized to
conduct the study under the traditional headings of study aim, research question and theoretical
framework (sampling technique; study design; study site; participants; data collection; instruments
used; laboratory methods and ethics).
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3.1 Aim of the Study
The study aimed to gather information surrounding significant association with lifestyle
factors such as sociodemographic factors (e.g. education, housing, and ethnicity), hygiene
practices, sexual practices and dietary habits, of pregnant women, or a combination of factors, that
ultimately contributes to increased risk of GBS colonization.

3.2 Research Question
The aim of the study was to answer the following research questions:
What lifestyle factors are associated with GBS colonization during pregnancy?
a. Do sociodemographic factors such as type of dwelling, number of residents per
household, permanent or transient housing affects GBS colonization?
b. Do certain hygienic practices such as vaginal douching affect GBS colonization
during pregnancy?
c. Do maternal sexual practices during pregnancy increase the risk of colonization?
d. Do dietary practices of expectant mothers have any potential effect in GBS
colonization?
e. Does exercise affect GBS colonization during pregnancy?
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3.3 Theoretical framework for the methodology
This section defines the research methodology used and the reason why a descriptive
quantitative survey design was utilized.
This survey design is a widely used method for data collection when gathering
information and describing characteristics of population group is required (Cowles &Edward,
2015). The principle of a descriptive quantitative study is to examine variables in a single
sample to systematically measure, provide description and to interpret them (Bloomfield, Fisher
& Murray, 2019). Punch (2003) also derived the purpose of a survey design to study the
relationships between variables.
In this study there was no attempt to manipulate or change the behaviors of the
participating pregnant women. They were able to undertake a lifestyle they were familiar with.

3.4 Sampling technique
A convenience purposive sampling technique was utilized to recruit participants for this
study. Participants who were 16-25 weeks gestation pregnant and enrolled in the primary
randomized controlled trial (RCT) called Probiotic in Pregnancy (PIP) in this tertiary hospital were
approached by the researcher.

3.5 Study Design

The study used a research quantitative survey design and was conducted in a population of
pregnant women who were scheduled to deliver their infant at a tertiary maternity unit in WA. A
cross sectional survey design was utilized to collect information on lifestyle factors and possible
association with GBS colonization.
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3.6 Study site
Fiona Stanley Hospital (FSH) is a newly opened public quaternary hospital in the
metropolitan area of Western Australia. It opened its doors in different phases starting in October
2014 with the Rehabilitation department along with 10 beds of Intensive Care Unit. The next
phase was December 2014 with the Maternity and Neonatal Nursery and final opening completion
of all patient medical units on February 2015.
This hospital offers services for both inpatient and outpatient medical needs. The study
was completed at the maternity department of the hospital which consist of Midwifery led clinics
for low risk women, consultant led antenatal clinic for medium/high risk women including
specialist clinics for complicated pregnancy cases and Maternal Fetal Assessment Unit (MFAU)
in the birthing suite.
Women who deliver at this site are required to have a referral from their General
Practitioner (GP) and are required to reside within the postcode catchment area. This maternity
unit reported 4900 births a year since its opening. Women who were booked to deliver in the
hospital received their first maternity appointment through the antenatal clinic 5. This clinic is
where the researcher first approached eligible women and discussed the opportunity to participate.

3.6.1 Conducting the Study
The study was conducted as a subset of a double blinded RCT called PIP trial at FSH
Hospital. The PIP RCT was led by neonatologist and microbiologist in collaboration with
obstetricians, midwives and registered nurses working in the hospital. Only pre-intervention data
was included in this study i.e. GBS swabs were taken before probiotic supplementation started to
avoid confounding effect of intervention on this questionnaire study.
The descriptive quantitative survey was conducted from October 2017-June
2018. No funding was received to complete this project. This section describes the process of
recruitment and data collection to perform the study. A description of the study site, participant,
data collection, instrument used, laboratory method, statistical analysis and ethical considerations
are also included.

IMPACT OF LIFESTYLE FACTORS ON GBS

35

3.6.2 Study Participants
The selected participants for this study were women between 16-25 weeks gestation
pregnant and who were enrolled into the PIP RCT and scheduled to deliver at this quaternary
hospital in Perth, WA.
The following inclusion criteria was applied for recruitment purposes; Pregnant women
18-55 years of age who were between 16-25 weeks gestation, overall good health and
uncomplicated singleton pregnancy.
The exclusion criteria used:
•

Type 1 and type 2 diabetes

•

Congenital cardiac disease and other cardiac disease requiring antibiotic prophylaxis
during a procedure or during labor

•

Multi-fetal gestation

•

Non-English-speaking women

•

Non-literate women

At the time of enrolment, the investigator collected demographic data and pregnancy details
from participants and medical records. These details provided the researcher with information
allowing analysis of confounding factors for GBS colonization

3.7 Data Collection
Prior to commencing the study, a meeting was held with key stakeholders within the
maternity department at FSH hospital to inform the staff about the aims and objectives of the study
along with recruitment processes.

The obstetricians, antenatal and postnatal midwives and

ancillary staff were informed through educational sessions during huddles. Lunch time in-services
were also provided.
These informational/educational sessions assisted in helping staff to understand the
rationale for the study and also provided one-on-one clarification of questions that may have arisen
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during the course of the study. The name and contact information of the researcher was made
available to the unit directory in case additional question arise.
The participants of this study were a subset of a Randomized Controlled Trial (RCT) called
‘Probiotic in Pregnancy’ in this tertiary hospital. All pregnant women who were between 16-25
weeks of pregnancy and were enrolled in the PIP study and scheduled to deliver their baby at FSH
were invited to participate. Eligible women attending the antenatal clinic were given information
about GBS disease and the potential harmful effects it may have for their baby. In addition, the
explanation of the important role the findings of this study would have in gathering information
on the impact of certain lifestyle factors on GBS colonization during pregnancy. This included
the aim of the study and the reason for the investigator asking to collect answers in the form of a
questionnaire. Ample time was provided for pregnant women to read the information provided
and enough opportunity to ask further questions were apportioned.
When a pregnant woman agreed to take information about the study, a consent form was
provided to read and sign should they agree to participate; hence non-English speaking women
and non-literate women were excluded. To participate in the study the woman was required to
provide informed consent and have full understanding of the process of the research. This also
gave an understanding that being enrolled in the study would allow the researcher to have access
to both the woman’s and their infant’s medical record. No financial incentive was offered to the
participants of this study strict confidentiality and privacy were applied throughout the study
protocol.
Once enrolled, the participants were assigned a special number for anonymity. Participants
were given a 2-page questionnaire to be completed on the day of the visit or for them to take home
and return to the clinic on a confidential envelope. The unique medical record numbers of each
participant were documented in order to allow for the researcher to be able to verify any missing
or ambiguous information upon completion of the study. The microbiological clinical records and
hospital databases were also reviewed by the researcher.
Data elements included in this study were: demographics, lifestyle habits, pregnancy
details, vaginal practices and overall health during pregnancy.
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Below is the information collected:
Demographics:
➢ Ethnicity
➢ Age
➢ Highest Education Achieved
➢ Marital Status
➢ Gender of Current Partner
➢ Type of housing
➢ Socioeconomic status
➢ Occupation
Lifestyle habits:
➢ Exercise during a given month
➢ Diet
➢ Sexual Activity
➢ Circumcision status of partner
Vaginal Practices:
➢ Products used to wash
➢ Washing inside vagina
➢ Vaginal discharge
Overall Health during Pregnancy
➢ Any illness experienced during pregnancy
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3.7.1 Instrument Used
To assess impact of lifestyle factors in association with GBS colonization during
pregnancy, a standard survey instrument in the form of lifestyle questionnaire was developed by
the researcher. A self-administered questionnaire was chosen for practicality and convenience.
This is a cost-efficient way to gather information in a short period of time, whilst providing
anonymity to participants. The anonymity of a self-administered questionnaire promotes an
environment that facilitates responses when answering sensitive or more personal questions.
The questionnaire format also enabled the inclusion of a variety of questions pertaining to
lifestyle factors during pregnancy (instrument attached to Appendix B). A participant information
sheet (Appendix C) was included, with the instrument explaining the purpose and the significance
of the study along the reason why they were asked to participate.
The researchers contact information was provided should they have additional questions
or would like to verify the authenticity of the study. The answers collected from the questionnaires
were collated and entered into an excel spreadsheet. The data gathered from the questionnaire was
utilized to determine the association of lifestyle factors during pregnancy and or association for
increased risk of GBS colonization.

3.7.2 Laboratory Methods
The process for screening swabs to detect group b streptococcal carriage was implemented
per routine method used in WA for this purpose. Rectovaginal swabs were collected by Registered
Midwives (RM)/ Registered Nurses (RN). The recently updated method for routine GBS culture
is now used in WA tertiary hospitals consists of initial culture into LIMS broth (Todd Hewit,
colistin, nalidixic acid) and subculture of broth onto a commercial selective chromogenic agar,
BioMerieux ChromID. This method is consistent with the “UK standard for Microbiology
Investigations – Detection of Carriage of Group B Streptococci” issued by the Standards Unit,
Microbiology Services, Public Health England, June 2015.
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3.7.3 Statistical Analysis
The statistical data collected was analyzed using the IBM Statistical Package for the Social
Sciences (SPSS) version 21. The data obtained from the questionnaires and laboratory results was
entered into an excel spreadsheet by the primary researcher.
The prevalence was reported with their 95% confidence interval. Outcomes for this
analysis were rectovaginal GBS colonization, as determined by a positive swab culture.
Comparison between groups of dichotomous variables (whether or not a certain lifestyle factor
presents and GBS colonization) were made by χ2 and Fisher exact tests. The student’s t test was
used to compare means of normally distributed variables. The Wilcoxon’s rank sum and MannWhitney U tests were used to compare variables with non-parametric distributions. Analysis of
variance (ANOVA) were used for more than two groups of variables.
Independent variables considered were various lifestyle factors, sociodemographic
characteristics, dietary factors, sexual behavioral factors, characteristics of vaginal practices and
comorbidities. Variables were analyzed using univariate and multivariate logistic regression in
with a p-values < 0.05 indicating significance. The final selection of variables was based on
univariate analysis and clinical relevance. Stepwise variable regression was applied to the model
to establish a final number. The multivariable models will be controlled for possible confounding
variables.

3.8 Ethics
Ethical considerations on completing this study regarding lifestyle factors of pregnant
women and GBS colonization was warranted under the ethical principle of beneficence ‘Do no
Harm’.
This section will enlist the steps taken by the researcher to guarantee this study was
performed in an order that provided the integrity and safety of women enrolled. Ethical approval
was granted by University of Notre Dame Australia (UNDA), Human Research Ethics Committee
(HREC) as outlined by the National Statement on Ethical Conduct in Human Research (2007,
updated May 2015) reference number 017210F (Appendix A).
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In addition, due to this study being a part of a larger Clinical Trial Project - “Probiotics in
Pregnancy (PIP) Randomized Clinical trial” ethics approval was also obtained from the WA Health
HREC (Women’s and Newborn Health Service HREC) – HREC reference number: 2015214EW
Governance approval from FSH site specific was obtained.
This section discusses the following ethical issues that pertain to this study such as
informed consent, safety consideration and confidentiality.

3.8.1 Informed Consent
An invitation to participate in the study contained an information letter and consent
form. Prior to commencing the study, the consent form was coded with a number to
facilitate any further contact for follow up with the participant. The letter discussed the
purpose of the study and the anonymity of the replies. No identifying data (name) was used
on the questionnaires.
Informed consent was required in order to participate in this study. Pregnant women who
were part of the PIP RCT and who were between 16-25 weeks gestation in pregnancy and were
scheduled to attend the antenatal clinic at this tertiary hospital were approached in person by the
researcher or via a telephone call to give them the information regarding this study. Those women
who indicated interest in the study were given the researchers contact details. After initial contact
over the telephone or in person the researcher aimed to set up a meeting with pregnant women who
met the inclusion criteria on their next prenatal visit.
The interval between obtaining the information sheet and the expression of interest via
phone or in person gave the participants opportunity to consider participation into the study
and to be able discuss with other family members any concern they may have prior to officially
consenting to the study. The direct involvement of the researcher in the process of obtaining
consent facilitated informed choice by giving ample time for participants to ask questions and
clarify issues before signing of the consent form.
The information letter clearly outlined foreseeable risks and benefits of the study. It also
contained the email address and mobile contact number of the researcher for any further questions
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that may have arisen after signing the consent form. The informed consent also specified that they
were free to withdraw from the study at any time without any implication on the quality of care
they will receive from the clinic.

3.8.2 Safety Considerations
The anticipated risk or harm involved in this study was considered to be minimal to
nonexistent due to the nature of the design used in the in the form of an anonymous questionnaire.
Pregnant women who were enrolled in a larger RCT called “Probiotics in Pregnancy (PIP)” were
given the option to participate in this additional study after reading the information sheet and being
given enough time to ask questions and to talk to the researcher directly.
The extensive exclusion criteria were adopted from the PIP RCT which also ensured that
high-risk pregnant women were not involved in this study. The researcher was not involved in the
antenatal care of women recruited in the study. If a woman declined to participate, she was not
approached again regarding the study to ensure that there was no risk of coercion.

3.8.3 Patient Confidentiality
De-identification of the data collected was guaranteed by the researcher to ensure
confidentiality and privacy of the participants. The medical record numbers of each participant
was documented in the data in order to allow for verification of any missing or ambiguous
information upon completion of data collection. During data collection and on completion of the
study all related information was stored in accordance with NHMRC guidelines (Australian
Government. 2007).
Additional measures to ensure privacy and confidentiality of participants
was applied. All information collected was stored in a locked cabinet in the researcher’s
office. Only the researcher had access to the raw data collected through the duration of
data collection phase. Once data collection was completed, the de-identified data was stored in
a password protected computer.
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3.9 Conclusion
In summary for the materials and methods chapter, the actions undertaken by the researcher
and the attention to detail ensured that participants were free of harm and are able to make a free
and informed choice. They understood their information was private and confidential and the
collection and analysis of data was performed in an ethical manner.
Chapter 4 will present the results obtained from the study analysis
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Chapter 4 Results
Foreword
The aim of this study was to investigate lifestyle factors that are known to impact GBS
colonization during pregnancy. Chapter 4 presented the results generated from the descriptive
quantitative survey. The questionnaire used in this study was distributed to pregnant women who
were 16-25 weeks gestation and scheduled to deliver their infant at FSH hospital in Perth WA.
The main findings were presented in different sections; Demographics; Socio economic factors;
maternal characteristics sexual practices; vaginal health; dietary and exercise habits.
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4.1 Demographics
Two hundred and fifty-four pregnant women were approached during their antenatal visit
and given information relating to this study. Gestational age ranged between 16 to 25 weeks.
Two hundred and six of those women approached, agreed and consented to the study. Seven
women were excluded from the study due to unreturned questionnaire or data on the
questionnaire being incomplete. The final number of participants included in this study was 199
pregnant women. Figure 1 shows the patient flow for the study.

Figure A: Study Profile

254 Patients eligible and
approached at 16-25
weeks gestation

206 Consented

7 Excluded due to
inability to contact or
retreive questionnaire

199 returned completed
questionnaire
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The GBS positive rate for this cohort was 20 %, 41 out of 199 tested positive for GBS in this
study.
Gestational age for the women ranged between 16 to 25 weeks. Mean+SD gestational age
(weeks) was 20.8.+3.46 for GBS positive and 20.5+3.74for GBS negative women (p=0.63).
There was no difference in the proportion of women below 20 weeks in both the groups (56.3%
vs 43.7%, p=0.38).
Figure B illustrates distribution of gestational age for the study cohort.
Figure B Gestational age at the time of enrollment
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Table 3 shows comparison between the two groups on BMI and gestational age at the time of
enrollment
Table 3 T-test comparison on group statistics

Variable

Mean Difference
(unadjusted)

95% CI

P
(unadjusted)

28.6+9.5

-2.8

(-5.5, --0.26)

0.031*

31.9+5.2

31.0+4.8

0.8

(-0.85, 2.50)

0.33

20.5+3.7

20.8+3.5

-0.3

(-1.56, 0.95

0.62

GBS Negative

GBS Positive

(Mean+SD)

(Mean+SD)

BMI

25.7+7.3

Age
Gest 25

*p value =≤ 0.05
Gest 25=refers to gestational age when swabs were taken
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The majority of the study respondents 57.4%, were Caucasian; followed by Asian/Indian
26.7%; Africans 5.7%; Pacific Islanders were 2.3%; Hispanics 2.3% Aboriginal/Torres Strait
Islanders 3.4% and those that identified as other ethnicity were 2.3%. There were no significant
results obtained on the GBS positive colonization rates between ethnic groups (Table 4).

Table 4 Ethnicity
Variable

GBS Negative

GBS Positive

Demographics
N=199
Ethnicity

n (%)

n (%)

Caucasian

80 (59.3)

21 (51.2)

African

7 (5.2)

3 (7.3)

Hispanic

2 (1.5)

2 (4.9)

Pacific Islander

3 (2.2)

1 (2.4)

Asian or Indian

35 (25.9)

12 (29.3)

Aboriginal/TSI

5 (3.7)

1 (2.4)

Others

3 (2.2)

1 (2.4)

*p value = ≤ 0.05
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Age and ethnicity distribution among the two groups are delineated in Figure C.

Figure C Age and Ethnicity of participants
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A large number of the participants were professionals with a University level degree as
the highest education achieved; more than half were married at the time of enrollment (n= 109 ,
57%) ; the dwelling was typically a house (n= 138 , 76%) and over three quarters stated they
were with the median income for their household (n=146 , 83%) .
Table 5 illustrates the socio-economic and educational status of the women involved in the study.
Table 5 Socio-economic status
Variable
Highest Education Achieved n=179
University
High School
Primary School
Marital Status
Single
Married
De-Facto
Housing
Apartment
House
Room-Share
Other
Socio economic Status
Low
Medium
High
*p value = ≤ 0.05

GBS Negative
138
n (%)
82(59.4)
54(39.1)
2(1.4)

GBS Positive
41
n (%)
27(65.9)
14(34.1)
0(0.0)

23(16.7)
77(55.8)
38(27.5)

7(17.1)
26(63.4)
8(19.5)

19 (13.7)
106(76.3)
5(3.6)
9(6.5)

6(14.3)
32(76.2)
1(2.4)
3(7.1)

16(11.7%)
113(82.5%)
8(5.8%)

3(7.5%))
35(87.5%)
2(5.0%)

50

IMPACT OF LIFESTYLE FACTORS ON GBS

4.2 Maternal Characteristic

The maternal characteristics were analyzed to ascertain a relationship between certain
lifestyle factors and GBS colonization. These variables were age, exercise during pregnancy,
smoking, alcohol use and obesity (Table 6).
Table 6 Maternal Characteristics

Variable

GBS
Negative

GBS
Positive

Odds
Ratio

95%
Confidence
Interval

(Age)>35 years

n (%)
42 (28.6)

n (%)
12 (25.5)

0.857

(0.40-1.80)

0.85

Smoking

5(11.4)

2 (16.7)

1.56

(0.26- 9.25)

0.63

No Alcohol Use

44(97.8)

15(93.8)

0.34

(0.17-49.86)

0.45

Exercise in pregnancy
No exercise at all

16 (15)

12 (33.3)

2.84

(0.15-0.842)

0.027*

62 (57.9)

17 (47.2)

0.65

(0.30-1.387)

0.06

27 (18.4)

16 (34.8)

2.37

(1.13- 0.495)

0.026*

Moderate to High exercise
(2-3x/everyday)
Obesity
*p value =≤ 0.05

P
Value

For the purpose of this study obesity is defined as a body mass index (BMI) of ≥30.
Obese women were significantly more likely to be GBS positive [27 (18.4%) vs 16 (34.8%) OR
2.37 CI 1.13, 495 p = 0.026].
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Figure D Exercise frequency

40

Percentage of respondents

35
30
25
20
15
10
5
0
once a week

twice a week
GBS negative

everyday

no exercise

GBS positive

There were wide variations in the exercise frequency among women in relation to their GBS
status (Figure D). Women who did not exercise at all were more likely to have GBS colonization
during pregnancy (Table 5).
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Figure E below illustrates distribution the BMI of respondents at the time of their first booking
(early first trimester) in the clinic among two groups.

Figure E Booking BMI for participants
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4.3 Sexual Practices during pregnancy
Table 7 presents responses on sexual practices from the questionnaire used in this study. The
findings in this category did not support a statistical significance for this particular lifestyle
factor (Table 7).
Table 7 Sexual Activity during pregnancy

GBS Negative

GBS Positive

Odds
Ratio

95% Confidence
Interval

P
Value

47/113 (41.6%)

17/40 (42.5%)

1.038

(0.5, 2.15)

1

No Sex

21/101 (20.8%)

4/34 (11.8%)

Less than 10 x/month

71/101 (70.3%)

29/34 (85.3%)

10-30x/month

9/101 (8.9%)

1/34 (2.9%)

Circumcised Partner

18/74 (24.3%)

4/18 (22.2%)

0.89

(0.26, 3.046)

1

Male Partner

123/138(89.1%)

38/42 (90.5%)

1.15

(0.27, 2.75)

1

Contraception before
pregnancy

52/129 (40.3%)

11/37 (29.7%)

0.62

(0.28, 1.37)

0.257

(0.96, 1)

1

Variable
Sexual Activity during
pregnancy
Sexually active
Estimated frequency

Change in Sexual
Partner
2/143 (1.4%)
n/total number of respondents
*p value = ≤ 0.05

0 (0.0)

0.98
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Women were also enquired about sexual activity in the last 24 hours before the GBS swabs
(Table 8). There were no statistically significant differences among the two GBS status groups.

Table 8 Sexual activity and vaginal cleansing in the last 24 hours of GBS swab collection

GBS
Negative

GBS
Positive

Odds
Ratio

95%
Confidence
Interval

P
Value

Sexual Intercourse

n (%)
149
96(64.4)

n (%)
47
33(70.2)

1.301

(0.64-2.465)

0.59

Vaginal Intercourse in 24
hours

17 (11.5)

9(19.1)

1.82

(0.753-4.42)

0.21

Oral Intercourse in 24 hours

5 (3.4)

3(6.4)

1.92

(0.44-8.369)

0.4

Anal Intercourse in 24 hours

1 (0.7)

0 (0.0)

0.99

(0.98-1)

1

Internal Vaginal Cleansing
*p value = ≤ 0.05

6 (4.5)

0 (0.0)

0.955

(0.92- 0.99)

0.34

Variable
Sexual Activity in the last 24
hours of visit to clinic
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4.4 Dietary Habits in Pregnancy
Yoghurt intake was inversely associated with GBS colonization (p =0.04) (Table 9).

Table 9 Sugary drinks and yoghurt in diet of pregnant women in relation to their GBS status

Variable
Diet

GBS Negative

GBS Positive

n(%)

n(%)

Odds Ratio

95%
Confidence
Interval

P Value

Intake of
sugary Drinks

27/72 (37.5)

15/24 (62.)

2.78

(1.07, 7.21)

0.029*

Mod-High
Intake of
sugary drinks

12/72 (16.7)

11/24 (45.8)

4.23

(1.53, 11.66)

0.006*

Daily Yoghurt
Intake

115/152 (75.7)

28/47 (59.6)

0.47

(0.238,0.946)

0.04*

*p value =≤ 0.05
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Figure F illustrates varied frequency of sugary drink intake and GBS colonization. Intake of
sugary drinks during pregnancy was significantly associated with positive GBS colonization [15
(62.5%) vs 27 (37.5%) OR 2.78 CI 1.07- 7.21 p =0.029]. Within this group the consumption of a
moderate to high intake of sugar had highly significant association with GBS positive status
(46% vs 17% OR 4.58 CI 1.07 -7.21 p = 0.006).

Figure F Intake of Sugary drinks
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60
50
40
30
20
10
0
no sugary drinks

everyday
GBS negative

2-3 times per week
GBS positive

once per week
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4.5 Vaginal Cleansing/Health
There was no statistical significance on internal vaginal cleansing on GBS colonization. Women
with history of vaginal discharge during pregnancy were significantly more likely to be GBS
positive (Table 10).
Table 10 Vaginal cleansing practices

Variable

Vaginal Discharge in
pregnancy

Antibiotic use in
pregnancy
*P Value = ≤0.05

Odds
Ratio

95%
Confidence
Interval

P
Value

GBS
Negative
n (%)

GBS Positive
n (%)

10/42(23.8)

8/13 (61.5)

5.12

(1.36,19.24)

0.01*

2/69 (2.9)

2/23 (8.7)

3.14

(0.41, 23.70)

0.26
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The risk factors identified as statistically significant on univariable analysis were utilized to
perform multivariate analysis
(Table 11). Mod to high intake of sugary drinks and vaginal discharge continued to be
independent significant risk factors after multivariate analysis.
Table 11 Multivariate Analysis

Adjusted OR

P
value

95%
Confidence
Interval

Daily Yoghurt
intake

0.99

0.99

(0.15-6.5)

No exercise

1.353

0.77

(0.18-10.2)

0besity

0.69

0.75

(0.08- 6.4)

Mod-high
sugary drinks

6.25

0.03

(0.03- 0.91) *

Vaginal
Discharge in
pregnancy

5.88

0.03

(0.03-0.91) *

1.596

0.67

(0.18-13.7)

Variable

Age >35
*p value =≤ 0.05
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Chapter 5 Discussion
Foreword

Chapter 5 discusses the important findings from this study along with the strengths,
limitations, any biases encountered and finally the conclusion.
The aim of the study was to investigate the colonization of GBS during pregnancy in
relation to certain lifestyle factors, in a cohort of women in WA. A questionnaire, developed
specifically for the study, included questions related to demographic factors and maternal
characteristics along with specific lifestyle factors; housing, diet, exercise, sexual practices and
vaginal hygiene/cleansing practices.
Although GBS has been extensively studied and reviewed internationally, no research
using a cross sectional survey method to investigate the effect of lifestyle factors on GBS
colonization in pregnant women specifically in a western culture was identified.
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5.1 Main findings
There were several findings identified in this study that related to lifestyle factors and GBS
colonization in pregnancy. These statistically significant findings showed that there was a positive
association with GBS colonization during early pregnancy (16-25 weeks gestation) and certain
lifestyle factors.
In addition, the study noted some important negative findings that will also be discussed.
The following sections will compare the GBS colonization rate from the women in this study as
compared to what is already known for WA and globally. The findings from this study have
highlighted a body of new knowledge to provide an impetus for further investigation and
contribute to future research designs.

5.1.2 GBS Colonization Rate
Worldwide GBS rate varies considerably (Russell et al., 2017; Raabe & Shane, 2019).
Raabe et al., 2019 reported the Australian and New Zealand rate to be at 15-30 % which aligns
with the asymptomatic global rectovaginal colonization rate reported between 5-30 % (Cho et al.,
2017; Lee, 2010).
The GBS colonization rate of 20% in our study is similar to a recent study by Furaro et al.,
2019 which identified a GBS colonization rate for a similar cohort of pregnant women (less than
22 weeks gestation) in WA to be 24%. However, an important difference is that the GBS
specimens in our study were all collected by health care professionals (midwives/nurses) as
compared to ‘self-collected’ (by pregnant women) specimens in the study by Furaro et al.

5.1.3 Obesity
Obesity is considered an important and growing health concern in pregnant women
globally (Renault et al., 2015 & Gopal et al., 2019; Melchor et al., 2019). Our results have shown
that almost one quarter of the women have a raised BMI, using the definition of obesity as a BMI
of ≥30.
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This result is consistent with the current literature (Kleweis, Cahill, Odibo & Tuuli, 2015).
Also consistent with literature (Alvareza 2017 and Manznares 2019), we identified obesity to be a
risk factor for GBS colonization in our study. However, when assessed using the multivariate
analysis against other variables (age, exercise, sugar intake and vaginal discharge), obesity was
not statistically significant. This was also supported by Alvareza, Subramanian, Tang &Edwards,
(2017) who reported that, although it can be considered as an independent risk factor, the
association can be considered weak. GBS is a known pathogen that resides mostly in intestinal
and rectovaginal flora. It is still unclear why overweight women show increased colonization
(Manzanares et al.,2019).
Muso et al., (2010) suggested the association could be related to the alteration in the
composition and functional properties of the gut microbiota. A study from Melchor et al., (2019)
found a higher rate of maternal rectovaginal colonization with group B streptococcus in obese
pregnant women than women with normal weight, suggesting that the cause of this difference lies
in the difficulty of maintaining good genital hygiene due to obesity, which would facilitate vaginal
contamination.
Our findings differ when compared to previous studies of GBS in pregnancy. The samples
in our study were collected much earlier (at 16-25 weeks) compared to 35-37 weeks of gestation
as recommended by the guidelines. To our knowledge this is the first study to report an association
between obesity and GBS colonization in early pregnancy which may point out possible links of
GBS colonization in obese women with inadequate hygiene, dietary intake as well as gut
microbiome.

5.1.4 Exercise
An interesting finding in our study was an association of GBS positivity with lack of
exercise. Our study showed a 3x higher rate of being GBS positive in women who did not exercise.
The Australian Physical Activity and Sedentary Behavior Guidelines (DOH, 2014) recommend
that pregnant women attempt physical activity daily and accumulate 150-300 minutes of moderateintensity physical activity for each week.
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ACOG (2002) advise 30 minutes or more of moderate exercise to most, if not all, days of
the week for pregnant women in the absence of either medical or obstetric complication. Prior to
this, there does not appear to be any published research in relation to exercise during pregnancy
and association with GBS colonization.
Published research studies investigate the effect of exercise during pregnancy on maternal
outcomes such as GDM, preeclampsia, and weight gain restriction (Gavard & Artal, 2008).
Although significant difference existed between women with ‘no exercise’ and ‘any exercise’,
increasing frequency of exercise beyond once or twice weekly didn’t add extra advantage.

5.1.5 Sugar intake
Dietary habits of any individual play a vital role in ensuring a healthy lifestyle. In
pregnancy, maternal nutritional intake affects both maternal health and fetal growth and
development. Diet is also considered to be one of the most important factors that modulate the
intestinal microbiota (Ponzo et al., 2019).
Several studies have linked unhealthy eating habits during pregnancy to increased maternal
weight. High maternal weight is known to adversely affect both maternal and neonatal outcome
(Mourtakos et al., 2015; Mamun et al., 2011). However, to our knowledge, there is no other
literature linking dietary habits of pregnant women to an increase rate of GBS colonization.
Similarly, no other dietary food has been investigated and documented as being associated with
either positive or negative effect in GBS colonization. The exception to this is research around
yoghurt containing probiotics.

Our study included questions on intake of sugary drinks and consumption of yoghurt in
diet. In this study there was a high proportion of GBS positive women who responded as having
any sugary drinks. The analysis was just slightly short of statistical significance using the ChiSquare Test with a p value=0.056. This is one of the limiting factors that could possibly be
attributed to the small sample size of participants. However, when moderate to high intake of
sugary drinks was analyzed it revealed an interesting and highly significant association with a
p=0.006 which continued to be significant on multivariate analysis.
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The intake of sugar has long been associated with diseases such as Obesity, Type 2
diabetes, cardiovascular disease, cancer and kidney disease (Malik &Hu 2015, Bomback et al.,
2010).
Most of the studies link sugar intake to excessive weight gain (Renault et al., 2015). Gunther et
al., (2019) reported sugary drink intake to be significantly associated with reduced neonatal birth
weight.
The evidence in the literature suggests that, excessive sugar consumption during pregnancy
is associated with several complications, even when it is independent of gestational weight gain
and/or obesity (Goran, Plows & Ventura, 2019; Bianchi-Jassir et al., 2017).
Englund-Ögge L et al., (2012) found that the consumption was more highly correlated with early
preterm delivery, although the exact mechanism is not known. Regular intake of sugary drinks
may influence gut microbiome particularly in obesity and this link to GBS colonization needs
further exploring in future studies.

Another possible explanation is the link to the gut microbiome and how alteration of gut
bacteria can increase numbers of unhealthy bacteria that promote inflammation and increased gut
permeability and therefore reduce numbers of healthy bacteria that assist in fermentation and
satiety hormone production (Suez et al., 2015 ). The first connection between the microbiome and
metabolic health was noted in 1970, when the International Sugar Research Foundation found that
a high-sugar diet led to high serum triglycerides in conventional rats but not germ-free rats (Kearns,
Apollonio & Glantz, 2017).

The role of the human intestinal microbiome and their relationship between health and
disease is currently being explored and commonly linked to various chronic disease (Vos &Vos,
2012). In the logistic regression analysis from this study, moderate to high intake of sugary drink
was considered to be an independent risk factor for GBS colonization independent of obesity. This
suggests that even those women who are not obese can potentially have an increased risk of
colonization from moderate to high intake of sugary drinks. This is a novel finding which may
caution against moderate to high sugary drink consumption in pregnancy as a potential risk factor
for increasing chance of GBS positivity. Future research studies would require a larger sample
size for clarification of this finding.
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5.1.6 Yoghurt intake
Yoghurt is a milk product fermented by lactic acid bacteria (LAB) (Pei et al., 201). The
benefits of yoghurt have been investigated in recent years and it has showed promising health
benefits for certain gastrointestinal conditions (Adolfson, Meydani & Russell, 2004 & Pei et al.,
2017).
The majority of respondents consumed yoghurt during their pregnancy. Yoghurt intake in
our study was associated with lower rates of GBS colonization. This finding is similar to a study
reported by Hanson et al., (2014) wherein yoghurt consumption was inversely related to GBS
colonization. Although the exact mechanism on the correlation of negative GBS colonization and
yoghurt intake is unknown; a possible explanation could be related to the modulation of the
gastrointestinal immune function that increases the Secretory IgA(sIgA) with yoghurt
consumption (Link-Amster et al., 1994).
Secretory IgA is the major effector of the mucosa-associated lymphoid tissue (MALT) and
protects against commensal bacterial penetration from the lumen (Brandtzaeg et al., 1999).
However, when assessed using the multivariate analysis against other variables that may increase
maternal colonization rate (age, exercise, sugar intake and vaginal discharge) yoghurt intake did
not have any statistical significance. We attributed this to the small sample size of various dietary
subgroups. This study was also limited by the lack of information on specified brand names and
the presence of probiotics in yoghurt consumed during pregnancy in this cohort.
The participants were unable to recall the name of the yoghurt they consumed. It will need
further investigation to isolate the effects of conventional yoghurts and those that are fortified with
certain probiotic strains to give more insight on its effect on GBS colonization.
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5.1.7 Vaginal Discharge
A surprise finding from this cohort is the association of vaginal discharge on GBS
colonization. The majority of women who reported as having vaginal discharge during their early
pregnancy tested positive for GBS colonization. Increase in vaginal discharge may be attributed
to hormonal changes in pregnancy or an early sign of dysbiosis of the vaginal microflora.
Healthy women of reproductive age typically have some degree of vaginal discharge, with
the quantity and type of secretion varying during the menstrual cycle as a result of hormonal
fluctuations (Syed & Braverman, 2004). Mendling (2016) reported that the knowledge about
normal and abnormal vaginal microbiome has changed over the last years as the vaginal microbiota
proved to be a complex ecosystem of more than 200 bacterial species.
It is suggestive that a disturbed vaginal microbiota can be attributed to various diseases.
Donders et al., (2002) reported that Streptococcus agalactiae (GBS) and Escherichia coli to be
associated with Aerobic vaginitis (AV), which is characterized by yellow to green discharge.
Bacterial Vaginosis (BV) has similar symptoms as vaginitis with vaginal discharge, itching
burning, the lack of leukocytic exudate is what differentiates VG from vaginitis BV is
characterized by a shift in the vaginal flora from the dominant Lactobacillus to a polymicrobial
flora (Onderdonk, Delaney & Fichorova, 2016).
It is important to differentiate between BV and AV as currently there are no specific
strategy to treat AV. No BV was diagnosed within this cohort. However, it is interesting to note
that one of the unwanted clinical consequence of BV is its ability to ascend a woman’s reproductive
tract and colonize the placenta and cause preterm birth (Oderdonk et al. 2016).
In the current literature GBS rectovaginal colonization is also considered to be
asymptomatic (Edwards & Gonik, 2013). We postulate that presence of discharge may indicate
subclinical or early symptoms of bacterial vaginosis with a relative lack of commensals posing a
potential risk for overgrowth of pathological bacteria in the vagina including GBS. We recommend
further studies to examine the link between vaginosis/mild vaginitis and GBS colonization so that
early diagnosis and treatment is possible.
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5.2 Important Negative findings

Sexual activity as a lifestyle factor during pregnancy has been reported from previous
studies, to have an association with GBS colonization. Cools et al., (2016) advocated for
behavioral changes in late pregnancy, such as abstinence from sexual intercourse, to reduce vaginal
GBS carriage, while Regan et al. (1991) reported an increased risk of colonization from frequent
intercourse and increase sexual activity. This study did not support the findings from the literature;
no correlation was observed on sexual activity while pregnant.
Recent sexual act or within the last 6 days prior to the sample swab collection, multiple
sexual partner in non-pregnant women were also associated as important risk factors for GBS
colonization (Meyn et al., 2009) The hypothesis that other sexual acts such as oral and anal sex
may potentially increase GBS colonization was not statistically significant in this study which was
similar to the result of Furaro et al. (2019) study in WA. Other sexual factors such as new partner,
uncircumcised partner and washing inside the vagina did not yield significant results.
These negative findings were possibly due to the smaller sample size of women who
responded, and even the ones who answered, sometimes chose to skip the answer on the sexual
activity question; possibly for privacy issues, although this may be speculative.
Previous studies have reported that African or African American ethnic background were
independently associated with risk of GBS colonization (Edwards et al., 2019; Berardi et al., 2014).
However, no significance of ethnicity was found from this study possibly due to small number of
African or African American women in the sample size.
This study also examined the relation of sociodemographic factors such as age, educational
achievement, marital status, housing, income, smoking and alcohol use. There was no relationship
noted between these factors and GBS colonization.
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5.3 Strengths of the study

This study incorporated a variety of questions to investigate the association of certain
lifestyle factors and its impact on GBS colonization. Dietary practices such as the intake of sugary
drinks and exercise habits in early pregnancy (16-25weeks gestation) has not been investigated
and no published results have been found to link these two lifestyle factors with GBS colonization
during early pregnancy.
The study included a multi ethnic population. The collection and timing of samples for
this study differed from previous published research providing a unique setting. Firstly, the
specimens were all collected by a health provider, whereas previous published research allowed
the participants to self-collect specimen consequently increasing the potential for inadequate
sampling or difference in techniques of collection process.
The timing of the collection of the GBS specimens in our study and answers to the
questionnaire at a similar time, provided information on the pregnant women’s lifestyle and
colonization rate that could be valuable in future research design.
Additionally, the information collected about lifestyle factors (sugary drinks and lack of
exercise) and the association with colonization of GBS could provide opportunities for behavioral
modification of the pregnant women with the aim of decreasing colonization in pregnant women
at an early gestation.
Furthermore, the findings related to vaginal secretions could serve as an impetus for
further studies to investigate in depth the possible signs and symptoms of GBS colonization during
pregnancy.
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5.4 Limitations of the study

One of the major limitations for this study is small sample size. This affected the power
of the study and increased the margin of error consequently limiting the ability to generalize the
results to a wider population. The measurement of risk factors and outcomes could potentially have
been affected with a survey design due to recall bias or honesty on behalf of the participant. Our
study collected only basic microbiology data i.e. GBS culture positive results only. Molecular
microbiology results including PCR, serotyping and microbiome analysis data were considered
beyond the scope for this student research project and were not included.

5.5 Conclusion
In conclusion to the discussion chapter, this study aimed to answer the question “whether
certain lifestyle factors affect GBS colonization during pregnancy”. The reporting of the findings
from this study has provided new information on potential associations with GBS carriage in
pregnancy, such as the consumption of a moderate to high number of sugary drinks, the lack of
exercise and vaginal discharge as independent risk factors. Although the sample of participants are
small and results could not be generalized, the study should serve as a valuable impetus for future
interventional research design.
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Chapter 6 Summary & Conclusion

Foreword
Chapter 6 presents the final chapter of this study. This chapter will summarize and
highlight the new information and knowledge generated based on the answers from the lifestyle
questionnaire survey of pregnant women who were between 16-25 weeks gestation. It will also
feature the importance of the findings and future implications for practice and future research.
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6.1 Summary of findings
This study has provided new exciting information on specific lifestyle factors that may
potentially increase risk of GBS colonization during pregnancy. One of the major findings of this
is significant association of GBS colonization with moderate-high intake of sugary drinks during
pregnancy. These results remained significant even with the multivariate analysis.

In addition, highlighting the association of lack of exercise during pregnancy to GBS
colonization is also important. The lack of exercise increased a woman’s risk of developing GBS
in pregnancy for this population. Women who did not do exercise had 3x more possibility to be
colonized as compared to women who did moderate to high intensity exercise during pregnancy.
This finding remained relevant after a subgroup analysis with other confounding risk factors. We
believe obesity may be a connecting link between GBS colonization and lack of exercise.

Obesity is a known risk factor for GBS in pregnancy. This study confirms this finding in
this cohort of pregnant women. It remains to be seen whether interventions to reduce BMI
influence GBS status.

In this cohort of pregnant women, those who responded in the questionnaire as consuming
yoghurt as part of their diet were found to be mostly GBS negative on analysis. This was similar
to the finding of small studies on yoghurt consumption and GBS colonization.

Previous to this study the only lifestyle factors that has been significantly associated with
GBS rate are vitamin consumption, increased sexual intercourse, use of sex toys; vaginal douching
and working as a sex worker (Furaro et al., 2019, Cools et al., 2016). The important findings in
this study will add to a wide gap in knowledge that has been identified with lifestyle factors and
its association with GBS colonization.
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The presence of vaginal discharge during pregnancy from this study was noted to be
statistically significant. Pregnant women who reported to have vaginal discharge were mostly
GBS positive. The GBS colonization rate in this study was analyzed as a combined rectovaginal
sample as the researcher did not have access for additional quantitative microbiological testing for
a more in-depth analysis.

The aim of the study was to answer the following research questions:
What lifestyle factors are associated with GBS colonization during pregnancy?
a. Do sociodemographic factors such as type of dwelling, number of residents per
household, permanent or transient housing affects GBS colonization?
b. Do certain hygienic practices such as vaginal douching affect GBS colonization
during pregnancy?
c. Do maternal sexual practices during pregnancy increase the risk of colonization?
d. Do dietary practices of expectant mothers have any potential effect in GBS
colonization?
e. Do exercise during pregnancy affect GBS colonization?

While there was no statistically significant data gathered on lifestyle factors and GBS
colonization with regards to sociodemographic factors, vaginal douching and sexual practices and
activity during pregnancy; the new knowledge gained about certain dietary practices and exercise
during pregnancy proved to be a novel finding.
Previous literature has not reported an association with dietary practices and exercise as a
factor noted for GBS colonization. This unique discovery from the study could be beneficial once
findings have been verified on larger sample size on future investigation. the sample size of the
study is not large enough to make any generalizable recommendations.
The additional knowledge generated from this study raises awareness about other factors
associated with increased GBS colonization. This finding could pave the way towards providing
improved prenatal and antenatal education to expectant mothers, with the hope of reducing overall
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incidence of increased colonization during pregnancy and thus reducing vertical transmission to
neonates.
Empowering expectant mothers and providing them with explanation to gain an
understanding of the risk of GBS in pregnancy is important. Similarly, identifying the effects of
lifestyle behaviors and actions that may contribute to increase GBS colonization will assist
pregnant women to make choices on lifestyle modification during pregnancy. This is a more
attractive option, as it may potentially reduce the need of intra partum antibiotic prophylaxis,
reducing concerns on anaphylactic reaction and antimicrobial resistance.
In summary, Group B Streptococcus is one of the leading causes of neonatal morbidity and
mortality worldwide. Prevention of colonization through lifestyle modification to prevent GBS
disease leading to reduction of morbidity and mortality and the burden on the public health system.

6.2 Recommendations for future research

This observational study on pregnant women between 16-25 weeks gestation, limits the
findings to second trimester of pregnancy. Considering the sample size of woman, caution is
required when generalizing the findings to all populations. A larger sample size design is needed
to verify the findings generated from this study. Information about lifestyle factors identified as
having an associated risk factor for GBS can be utilized to promote education and reduce the
incidence of GBS colonization. Initiating research to recruit women from early pregnancy would
be a positive step along with the studies designed to look at specific factors such as exercise.
A future interventional study could be designed to look at specific factors such as exercise,
where each pregnant woman could be assigned to different sub groups of exercise intensity. At
the end of the study, analysis of GBS colonization could be measured to see which intervention
worked on reduction of GBS colonization. Participants could be educated on the effects of sugary
drinks during pregnancy and that lack of exercise increasing risk for colonization to allow for
behavioral modification.
We also recommend to create more rigorous observational studies to understand the
association of the intake of various forms of sugar during pregnancy. It could be beneficial to
know if there are major difference on effects of different kinds of sugary drinks. In a future clinical
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trial, one arm of women could be assigned to those that only take artificial sweeteners and the
other group to natural sugar and the third group to those with very limited amount of sugar intake
in their regular diet.
Further studies are needed to understand the mechanisms behind possible links between
certain lifestyle factors and GBS colonization. Future studies should also include data on gut and
vaginal microbiome changes with these identified lifestyle factors. Intervention studies to reverse
the effect of a risk factor should also be performed which should include microbiological and
microbiome data changes over the period of intervention.
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Appendix B Lifestyle Questionnaire

Lifestyle Questionnaire
Dear Participants,
The following questions relate to factors known to affect vaginal/rectal bacterial colonization. If
you agree to answer these questions, please complete the questionnaire below.
Instructions:
• Do not put your name on this questionnaire as we wish to retain your anonymity.
• Please do your best to answer every item in the questionnaire
Check the following items which apply to you:
Ethnicity:
Caucasian;

African;

Hispanic;

Pacific Islander;

Asian;

Aboriginal or TSI;

Other ____________________________
Highest Education Achieved:
Marital Status:
Partner:

Male;

Type of Housing:

Single;

University level;

Married;

Divorce;

High School; Primary School
Single;

de Facto

Female
Apartment;

Socio economic status:

Low;

House;
Medium;

Room Sharing;

Other

High

Occupation: ________________________
Did you use contraception before this pregnancy?

No:

If Yes, please write down type of contraception used________________________________
Please answer the questions below as best as you can: Check your preferred answer.
Lifestyle habits during this pregnancy
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1. How many times do you exercise during a given month?
Once a week; Twice a week; Everyday; Never
2. Is yoghurt part of your diet during this pregnancy?
If yes, what brand________________________

Yes;

No

3. Do you drink alcohol (beer, wine, vodka, rum, whiskey, etc.)?
Everyday
Two or three times a week
Once a week
Not at all

4. Do you drink sugary drinks? If so, how many times did you drink sugary drinks.
Every day
Two or three times a week
Once a week
Not at all

5. Are you using tobacco products during your pregnancy?

Yes;

No

6. Are you sexually active during this pregnancy?
If you answer yes please proceed to question 7, if no proceed to question 9.

Yes; No

7. Estimated frequency of sexual activity in the last three months
0
<10 times
11-30 times
>30 times
8. Have you had any of the following in the last 24 hours
Y N Vaginal Intercourse
Y N Anal Intercourse
Y N Oral Intercourse

9. Have you changed partner during this pregnancy? Yes;
No
If you answered yes, how many weeks pregnant were you_________________

10. Circumcision status of your partner:
Circumcised
Not circumcised

No/don’t know

Vaginal Practices
11. Do you wash inside your vagina when bathing?
12. Do you use products to wash clean your vagina?

Yes;

No

No

Yes (please write what product you use) __________________________________
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13. Have you had any discharge from your vagina during this pregnancy?
Can you describe the color of the discharge_____________________
Overall Health during this pregnancy
Did you take any antibiotics during this pregnancy? Yes /No
If yes, please state illness__________________________________

Yes;

No

IMPACT OF LIFESTYLE FACTORS ON GBS

94

Appendix C Participant Information Sheet

Impact of lifestyle factors on Group B Streptococcus (GBS) colonization during pregnancy
Principal Investigator: Joy Quilatan
Assistant Investigator: Shail Mehta, Laurene Aydon
Information Letter
Introduction
You are being invited to take part in a Master’s of Philosophy research project. Before you make
your decision, it is important for you to understand why the project is being done and what it would
involve. Please take as much time as you need to read the following information carefully. Please
ask us if there is anything that is not clear or if you would like more information.
What is the purpose of the study?
Group B streptococcus (GBS) or ‘group B strep’ is a common bacterium that is found in the
body. It is usually harmless in adults. Up to 30% of pregnant women carry the bacterium in their
vagina or back passage (rectum). These women are said to be ‘colonized’ with GBS bacteria.
Sometimes, babies born to a woman carrying GBS can pick up infection during delivery. This
can occasionally cause serious illness in the newborn. Development of GBS colonization maybe
attributed to lifestyle factors of the pregnant women. The aim of this study is to investigate the
effect of various lifestyle factors in isolation or combination on GBS colonization during
pregnancy.
This project will use a questionnaire, where you as the participants are actively invited to answer
a set of questions regarding your usual lifestyle during this pregnancy.
Why have I been chosen?
You have been invited to participate in this study because you have chosen to deliver your baby at
Fiona Stanley Hospital and also because you are a participant of another study called the
‘Probiotics in Pregnancy’ study here at Fiona Stanley Hospital.
Do I have to take part?
It is your decision whether or not to take part. Your participation is voluntary. If you do not wish
to take part, you do not have to; your treatment at this Hospital will not be affected in any way. If
you do decide to take part, you will be given a copy of this Participant Information Sheet to keep.
If you decide to take part but later change your mind, you are free to withdraw from the project at
any stage.
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What do I have to do?
If you consent to being involved in the study, we will ask the following of you:
➢

Allow us to use your infant’s and your own hospital notes to access basic social and
medical details

➢

Complete a questionnaire -this will take place during your first visit to the midwifery clinic
16-25 weeks.

What are the costs?
There are no additional costs associated with participating in this research project, nor will you be
paid.

What about my privacy?
The information provided in this study will be kept strictly confidential. You will be allocated
identification codes at the commencement of the study that will remain confidential to the
researchers.
Information from this study will be stored for 5 years on a password protected database. At the
end of this period all data will be erased.
What will happen to information about me?
Information about you and your infant will be obtained from health records held at this health
service for the purpose of this research. By signing the consent form, you agree to the study team
accessing health records that are relevant to your participation in this research project. Any
information obtained in connection with this research project that can identify you will remain
confidential. Your information will only be used for the purpose of this research project and it
will only be disclosed with your permission, except as required by law. It is anticipated that the
results of this research project will be published and/or presented in a variety of forums. In any
publication and/or presentation, information will be provided in such a way that you cannot be
identified.
Who has approved the study?
Women and Newborn Health Service/KEMH Human Research Ethics Committee, South
Metropolitan Health Service. University of Notre Dame Australia Human Research Ethics
Committee (EC00418), Approval Number #017210F

Who to contact for more information about this study:
If you would like any more information about this study, please do not hesitate to contact one of
the research team. They are very happy to answer your questions.
We will need your contact details and you will be provided with email addresses of the
researchers and telephone contact numbers.
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Who to contact if you have any concerns about the organisation or running of the study.
If you have any concerns or complaints regarding this study, you can contact the Director of
Medical Services at Fiona Stanley Hospital at 61522222).
Further questions
If you have any queries or concerns please contact Myra Joy Quilatan via the Fiona Stanley
Hospital reception desk at 61522222.
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